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Abstract 
Classical ultrasonic inspection of welds is currently done for plates thicker than 8 mm. The inspection of but welds in thin 
walled pipes has considerable implementation difficulties, due to guided waves dominating ultrasonic pulses propagation. 
Generation of purely symmetric modes, either torsional or longitudinal, requires a circumferential uniform distribution of 
transducers and dedicated inspection equipment, which are increasing the inspection costs. Moreover, if the surface is paint 
coated, the received signals are close to the detection level. The present work implies a single transducer, coupled to the 
painted surface. The proper choice of the guided mode and frequency range, allows the detection of a standard, small diameter 
through thickness hole. In this way, the inspection of pipe welds can use the same equipment as for thick materials, with only 
wedge adaptation. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 2015 ICU Metz. 
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1. Introduction 
Steel pipes are in most cases covered with protective layers of paint coatings (Koleske, 2012). Ultrasonic pipe 
inspection in its classical form uses an ultrasonic short pulse propagating perpendicular to the pipe and the coating 
layer has to be removed. In other instances, when welding seams are investigated, the coating has to be removed 
and adapted wedge are used to send the ultrasonic beam in search for weld defects. In the last decades another 
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ultrasonic technique is emerging, based on guided waves, for which classical references are (Achenbach, 1973), 
(Miklowitz, 1978), (Lowe et al., 1998). Numerical methods were used to determine the dispersion curves, such as 
the Semi-Analytical Finite Elements (SAFE) method (Predoi, 2014), (Vollmann & Dual, 1997), or to simulate the 
guided waves propagation (Jezzine, 2006), (Gsell et al., 2003) using the Finite Elements Method (FEM). 
An extended investigation on the defect detectability, with application to Non-Destructive Testing (NDT) is 
presented in (Cawley et al., 2002). Ultrasonic acoustic energy has to be focused if very small defects are to be 
detected (Zhang et al., 2006), (Davies & Cawley, 2009). 
2. Guided waves in coated pipes 
The guided waves propagating in pipes are set in three classes: longitudinal, torsional and flexional. The 
investigated pipe is made of steel (cL=5920 m/s, cT=3255 m/s, ȡ=7890 kg/m3 with cL, cT and ȡ the longitudinal, 
transverse wave velocity and mass density respectively). Pipe outer radius is Ro=30 mm and inner radius Ri=27 
mm. The coating is a paint layer of H1=50 ȝm thickness. From (Koleske, 2012) and other references, the material 
elastic properties of this layer can be selected as: Young modulus E= 64e6 Pa, Poisson coefficient 0.48 and mass 
density 2700 kg/m3. Experiments on guided waves propagation, have proved that attenuation exist even for the 
uncoated pipe. The paint layer is viscoelastic and attenuation can be estimated based on cited references. 
The elastic constants used in the present computations are grouped in Table 1 (i represent the imaginary unit). 
     Table 1. Material data 
Material C11(GPa) C12 (GPa) C66 (GPa) ȡ (kg/m3) 
Steel 276.51-0.1935i 109.33-0.077i 83.59-0.059i 7890 
Acrylic paint 0.562-0.056i 0.518-0.052i 0.022-0.002i 2700 
 
The selected reference frame and displacement field, for circumferential order m, are given by:  
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ), , , , , , , , , cos sin cos expu r z t v r z t w r z t U r m V r m W r m i kz tθ θ θ θ θ θ ωª º = ª º ª − º¬ ¼ ¬ ¼ ¬ ¼ and are shown on Fig. 
1.  Radius Rj is marking the separating surface between the pipe and the paint layer.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Displacement field for guided waves in pipes 
2.1. Longitudinal waves 
Longitudinal waves are axially symmetric, requiring thus a special transducer surrounding the pipe or by 
impinging ultrasonic pulses at the end of the pipe. The dispersion curves, taking into account the material 
attenuation are obtained using a recent algorithm (Predoi, 2014).  
The well-known modal wavenumbers obtained after solving the dispersion equation are not shown here. The 
imaginary parts of the wavenumbers, representing the modal attenuation are shown on Fig. 2a in dB/m. All seven 
modes shown here are increasingly attenuated as the frequency increases. 
 
 
 
 
z
_ 
er 
ș 
_ 
eș  
_ 
e
z
 
x 
y
r
  
x
y
RiRo
  
R
j
 
U(r)
V(r)W(r) 
1
2 
3 
 Mihai Valentin Predoi and Cristian Cătălin Petre /  Physics Procedia  70 ( 2015 )  287 – 291 289
The most commonly used, L(0,1) and L(0,2) modes reach about 12 dB/m at 2 MHz. The thin paint layer 
considerably changes the attenuation profile (Fig. 2b). Between 0.5 and 1.3 MHz, there is a “propagation window” 
with attenuation minima of about 5dB/m as in the non-coated case. At higher frequencies, there is a lower 
attenuation for the L(0,4) mode and only the L(0,2) mode remains detectable beyond 2 MHz. 
 
 
Fig. 2. Modal attenuation of the longitudinal modes, for the uncoated pipe (a) and coated pipe (b). 
2.2. Torsional waves 
Torsional waves are also axially symmetric, with the same requirements for special transducers. Solving for the 
dispersion equation, the complex values of the wavenumbers are obtained. The obtained modal attenuations are 
shown on Fig. 3. The torsional waves are extensively used for NDT in recent years. However on (Fig. 3a) it is 
shown that pipe material attenuation produces almost the same attenuation as for the longitudinal waves, only 
more uniformly increasing with frequency. As viscous paint is introduced, frequency domains of very high 
attenuation become obvious. The T(0,1) mode is the least attenuated. The recommended frequency range for the 
selected pipe and paint layer is between 0.25 and 1.3 MHz, or 1.6 to 2.3 MHz. 
Fig. 3. Modal attenuation of the torsional modes, for the uncoated pipe (a) and coated pipe (b). 
a) b) 
a) b) 
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2.3. Flexural waves 
Flexural waves are generated in most cases by using classical contact transducers. The solutions depend on the 
circumferential order m, corresponding to the number of nodal diameters. Along these diameters, the 
displacements are null during mode propagation. Since a classical transducer has only a limited contact area, it is 
clear that the propagating ultrasonic wave will be a superposition of flexural modes of different circumferential 
orders. The flexural modes (Fig. 4) have similar evolution of the modal damping as the longitudinal modes. 
 
Fig. 4. Modal attenuation of the flexural modes, for the uncoated pipe (a) and coated pipe (b). 
3. Conclusions 
The attenuation due to paint layers has been investigated.  
Optimal frequency range for each class of guided modes was obtained.  
Transducers in contact with the paint layer can be used in the given conditions with higher probability of 
detection.  
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